The use of flat-plate tabs (similar to Gurney flaps) to enhance the lift of multielement airfoils is extended here by placing them on the pressure side and near the trailing edge of the main element rather than just on the furthest downstream wing element. The tabs studied range in height from 0.125 to 1.25% of the airfoil reference chord. In practice, such tabs would be retracted when the high-lift system is stowed. The effectiveness of the concept was demonstrated experimentally and computationally on a two-dimensional NACA 632-215 Mod B airfoil with a single-slotted, 30%-chord flap. Both the experiments and computations showed that the tabs significantly increase the lift at a given angle of attack and the maximum lift coefficient of the airfoil. The computational results showed that the increased lift was a result of additional turning of the flow by the tab that reduced or eliminated flow separation on the flap. The best configuration tested, a 0.5%-chord tab placed 0.5% chord upstream of the trailing edge of the main element, increased the maximum lift coefficient of the airfoil by 12% and the maximum lift-to-drag ratio by 40%. 
Increased high-lift performance allows more flexibility in the cruise wing design whereas reduced system mechanical complexity lowers the manufacturing and operating costs of an airplane.
The prospects for a large market for supersonic transport aircraft further increases the need for high-lift systems that have increased performance. For both types of aircraft, there is a requirement for reduced drag for takeoff configurations and increased maximum-lift and reduced angle of attack during landing.
In order to satisfy these requirements, novel concepts should be explored. In this article, an experimental and theoretical study examining the lift capabilities of a two-element airfoil with Gurney-type flaps of various sizes placed at or near the trailing edge of the main element is described.
Liebeck t presented the first description of a Gurney flap. This flap consists of a small tab placed perpendicular to the pressure side at the trailing edge of the wing and is designed to produce a down-force on a racing car (Fig. 1 ). Although these flaps are generally less than 1% of the wing chord, they have a significant effect on the aerodynamic forces generated by the wing. Depending on the airfoil it is used on, the Gurney flap can increase the lift and decrease the drag while operating at high lift coefficients. 
Experimental Setup
The airfoil geometry used in this study is shown in two rows, located two-thirds of the way from the model centerline to each wall, were used to monitor the two dimensionality of the flow. The drag was determined by integrating the total and static pressures measured using a rake located 0.7 chord downstream of the airfoil trailing edge. The method attributed to Betz _"was used to account for variations in the static pressure due to flow curvature that occurs near the trailing edge of high-lift airfoils. The rake contained 91 total and 9 static pressure probes along its 36 in. length.
The probes were clustered near the center of the rake to improve the spatial resolution in the region of large velocity gradients. The experimental setup is described in greater detail in Ref. 13. The repeatability for the lift coefficient measurements was _+0.020 for C_ < 0.9-C_ ..... and ±0.04 for C_ > (I.9'CI .... .
For the drag coefficient measurements, the repeatability was ±0.005
for CI _-0.9.C/ ..... ±0.010 for 0.9"C/m_, < C/ -< (_ 
and the information is passed between the grids using interpolations generated by the code PEGSUS. _" The grid is shown in Fig. 6a . Tabs are easily added to the computation by imposing no-slip boundary conditions on grid points that lie at the desired tab position (Fig. 6b) (Fig. 7a) . The tab also increases the maximum L/D of the airfoil by 29% (Fig. 7b) (Fig. 8a) . The computed maximum L/D is increased by 8.8% when the 1%, c tab is added (Fig. 8b) The effect of the tab on the pressure distribution is different from that caused by simply deflecting the main-element trailing edge. Figure  10 illustrates the differences in the shapes of the pressure distributions near the main-element trailing edge for a deflected shroud and for a tab. If the effective angle of the flow leaving the trailing edge is the same for both geometries, the flap pressure distributions will not significantly differ for the two cases if the gap and overlap are maintained. The drooped-shroud case has a suction peak at the hinge point that limits the amount of deflection that can be used because of the large gradients downstream of the hinge. The pressure distribution for the tab case is much smoother and much less likely to cause premature flow separation than in the droopedspoiler case.
The effect on the flow of a 1% c tab located 1% c forward of the main-element trailing edge is illustrated in Figs. lla and 1lb. tached on the flap upper surface. The tab also causes the main element to generate significantly more lift (Figs. 9a and 9b) . A small recirculation region is located immediately downstream of the tab and a large, off-surface separation is located above the 60% c point on the flap. The off-surface separation results from the inability of the wake from the main element to sustain the adverse pressure gradient along its path above the flap." A limited view of the effect of tab height on the lift of the airfoil is shown in Figs. 12a and 12b . The lift curve for the baseline configuration is plotted along with those for the 0.5%, c and 1.0% c tabs located at the main-element trailing edge. The addition of the 0.5% c tab increased Ct ..... by approximately 9%, whereas a tab height of 1%, c only increased C/_._ by 3.5% (Fig. 12a) . The abrupt increase in the slope of the lift curves for the tab configurations is due to the flow on the flap reattaching as the main element loading is increased. baseline configuration, on the other hand, displayed separated flow on the flap throughout the angle-of-attack range. L/D was also affected by the tabs. Figure  12b shows that the addition of the 0.5% c tab increased the drag at a given lift coefficient for CI -< 2.75. At higher lift coefficients the drag was reduced, particularly just before CI .... at which point there was a dramatic reduction in drag. Again, this was due to the greatly improved flow on the flap. The 1% c tab had a larger effect on the drag, causing increased drag except at the lowest lift coefficient.
The effect of tab height was further examined computationally.
The lift coefficient vs tab height is shown in Fig. 13 for a 13-deg angle of attack.
This angle is approximately the angle of attack for maximum lift. The optimal height of a tab at the trailing edge of the main element (for this flap rigging) is between 0.4 and 0.5% c.
In the experiments, the most effective tab configuration was a 0.5% c tab located 0.5% c from the main-element trailing edge. The lift curve for this geometry is shown in Fig.  14a . The maximum lift in this case is 12% greater than that of the baseline configuration, and the maximum L/D is 40% greater than the baseline (Fig. 14b) . Hysteresis is again apparent in both the lift and drag when the tab was in place. At low angles of attack the flow over the flap is separated. As the angle of attack is increased, the downwash of the main element causes the flow to reattach, increasing the lift of the whole airfoil.
Once Hysteresis is also present in the pitching-moment data (Fig.  14c) . In conditions where the flow on the flap remains attached, the tab increases the nose-down moment by 33% relative to the baseline configuration.
Conclusions
The use of lift-enhancing tabs, or Gurney flaps, is extended to the main element of a two-element airfoil. Lift-enhancing tabs serve to increase the aft camber of the main element and to delay separation on the flap. Two-dimensional experiments showed that a 0.5%, c tab, placed 0.5% 
